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METHOD CF SCREENING AGENTS AS CANDIDATES FOR 
DRUGS OR SOURCES OF DRUGS 



This invention was made at least in part with 
Government support under grant CA6 813 6 from the 
National Cancer Institute. Therefore, the 

Government has certain rights in the invention. 

CROSS - REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. 
Provisional Application No. 60/038,254, filed 
February 24, 1997. 

TECHNICAL FIELD 

This invention is directed to a method of 
screening agents for potential as drugs or sources 
of drugs, and especially for screening agents for 
potential as drugs for disorders caused or mediated 
by the expression of genes involved in inflammation 
and/or carcinogenesis. 

BACKGROUND OF THE INVENTION 

There is strong evidence that cyclooxygenase- 2 
(COX- 2) is important in carcinogenesis and that 
inhibition of COX-2 protects against tumor 
formation. Moreover, COX-2 is known to be 

associated with inflammatory responses incident to 
a number of disorders, and major pharmaceutical 
companies are actively involved in the development 
of selective COX-2 inhibitors to treat 
inflammation . 

There is also strong evidence that matrix 
metalloproteinases are associated with 
carcinogenesis and inflammation and are involved in 
tumor metastasis. The term "matrix 
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Q „ s a -referred to hereinafter as 
metalloproteinase" is rererreu 

"MMP" - 

One of the limitations of drug discovery i 
the time and expense involved in identifying 
candidate compounds. There is, at present, no 
rapid and easy method for identifying sources of 
nov el anti-cancer compounds and/or aati- 
inflammatory compounds. 



s 



C TTMM&RV O^ THE TNVF.NTION 

It has been discovered herein that determining 
whether an agent suppresses the stimulation of a 
gene promoter that has been implicated m 
carcinogenesis, or inflammation, is 
tool for screening agents as candidates for 
preventing or treating cancer and/or inflammation. 

The invention herein relying on this 
discovery, is directed at a method for screening 
agents as candidates for prophylaxis or treat- nt 
o cancer or inflammation. The method relies on 
cells that are transfected with a construct 
containing transcriptional promoter element (s) that 
nave been implicated in carcinogenesis or 
inflammation ligated to a reporter gene^ 
oeter.ination in the method, of *^x«£ 
activation of said transcriptional promoter 
element (s) by agent which is being screened 
indicates the agent is a candidate as a drug or 
source of a drug for prophylaxis or treatment of 
cancer or inflammation. Thus, a method herein is 
cancer or aaents as candidates for 

Hir-ected to screening agents 

directed t cancer or inflammation 

prophylaxis or treatment of cancer 

. r = \ nroviding cells that are 

and comprises (a) providing nrt „ ta ininci 
„^v, a construct containing 

rranifected With a ^ 

t rrs=riptio„al propter elements, that heve been 
i"«a in carcinosis or 
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ligated to a reporter gene, and (b) determining 
whether putative agent inhibits activation of said 



determination of inhibition indicating that the 
putative agent is a candidate as a drug or as a 
source of a drug for prophylaxis or treatment of 
cancer or inflammation. The method has particular 
application to screening agents as candidates for 
drugs for prophylaxis or treatment of mammalian 
(e.g., human) disorders caused or mediated by 
cyclooxygenase-2 . In this case, putative 

therapeutic agents are investigated for their 
ability to suppress stimulation of cyclooxygenase-2 
promoter activity by exogenous stimulus. The 
method also has particular application to screening 
agents as candidates for drugs for prophylaxis or 
treatment of mammalian (e.g., human) disorders 
caused or medicated by MMPs . In this case, 
putative therapeutic agents are investigated for 
their ability to suppress stimulation of MMP 
promoter activity by exogenous stimulus. 

There are a plurality of transcriptional 
promoter elements in cyclooxygenase-2 and in other 
genes, e.g., the Phorbol Ester Responsive Element 
<TRE) , Nuclear Factor- kB (NF- kB ) and a cyclic AMP 
response element (CRE) , that have been implicated 
in carcinogenesis and in inflammatory response. In 
one embodiment of the invention herein, a battery 
of screenings are carried out on a putative agent 
utilizing in each case cells transfected with 
a different construct and/or transfected cells 
activated with a different activator. In the 
method of this embodiment, both specificity or 
sensitivity (where the putative agent inhibits one 
or less than all the transcriptional promoter 
elements) and breadth of activity are determined. 
The more different transcriptional promoter 



transcriptional 



promoter 



element ( s ) 



with 



a 
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elements a putative agent inhibits and the .ore 
different activators a putative agent suppresses, 
the greater the likelihood is that the agent xs an 
effective drug or the source of an effectxve drug 
for the prevention or treatment of cancer and/or 
inflammation. This embodiment increases the 

predictive value of the method herexn. 

As used herein, the term - transcrxptxonax 
promoter element (s) that have been implicated I xn 
carcinogenesis or inflammation" means element (s 
that m ediate the transactivation functxon of 
t ranscription factors that control expres^on _ of 
the COX-2 gene or members of the MMP gene family. 

As used herein the term "MMP gene family" and 
.,MMP" includes genes that express collagenase s) 
geneS that express gelatinase (s) , genes that 
Lpress elastin, genes that express strom elysxns 
a ^ other genes that express matrxx 
metalloproteinases . 

Figs, la-lf each depIcTbar graphs showxng 
inhibition results in terms of light -its J-m 
luciferase activity where differ en 
construct/activator combinations are , u ed « 
testing on four plant extracts as descrxbed 

■"^"2.-* each depict bar graphs showing 
inhibition re^ * «- ^ ^ 

testing on shixonin as described xn Example II. 

mrMl^ESCEIErim scr eening 

We turn now to the method herexn 
ag ents as candidates for ~ 
treatment of mammalian disorders caused 
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by cyclooxygenase-2 expression. Cells transfecced 
with a construct comprising a 5' -flanking region of 
the .human cyclooxygenase-2 gene or equivalent 
thereof, e.g., synthetic equivalent therefor, or 
other transcriptional promoter element of the human 
cyclooxygenase-2 gene ligated to a reporter gene 
are treated with an activator of cyclooxygenase-2 
promoter activity. The agent being screened is 
tested for its ability to suppress stimulation of 
the cyclooxygenase-2 promoter. The agent is a 
candidate as a drug or source of a drug for 
prophylaxis or treatment of mammalian disorders 
caused or mediated by cyclooxygenase-2 expression 
if stimulated promoter activity is reduced by the 
agent . 

We turn now to the method herein for screening 
agents as candidates for drugs for prophylaxis or 
treatment of mammalian disorders caused or mediated 
by MMP expression. Cells transfected with a 
construct containing a transcriptional promoter 
element from the human stromelysin gene or 
equivalent thereof, e.g., synthetic equivalent 
thereof, of from other MMP gene, or equivalent 
thereof, e.g., synthetic equivalent thereof, 
ligated to a reporter gene are treated respectively 
with an activator of stromelysin or other MMP 
promoter activity. The agent being screened is 
tested for its ability to suppress stimulation of 
the promoter. The agent is a candidate as a drug 
or source of a drug for prophylaxis or treatment of 
mammalian disorders caused or mediated by MMP 
expression if stimulated promoter activity is 
reduced by the agent . 

Where an agent is determined to inhibit 
stimulation of both cyclooxygenase-2 promoter and 
also MMP promoter, this indicates a higher 
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<= .nnrancer or antiinflammatory 
likelihood of anticancer 

property than inhibition in only one of the cases 

P t-hP transcriptional elements of 

We turn now to the transcxxM 

the constructs. 

The sequence of the human cyclooxygenase-2 
gene is described in Kosaka, T. , et al . , Eur. 0. 
Biochem. 221, S89-S97 (1994) which is incorporated 
herein by reference. 

The region c£ human cyclooxygen.se-2 gene 
constituting said 5' -flanking region may concern 
cr exampie. »25 bases of the cyeiooxyqenase-2 
transcription start sit- ha- - example the 

""It::, Z tip "on start 5 site having. 
cyclooxygenase-2 transcript 

for example, the sequence -1432/+SS 

of the cyclooxygenase-2 tr.nscrr ptron start ste 
Having, for example, the sequence -3T5/.5, or 3 
ha.es 5' of the cyclooxygenase-2 transcript 
start site haying. for example, the sequence 
327A59 Other transcriptional promoter elements 
o£ the cyclooxygenase-2 gene, for use herein, or 

- ^rlude for example, the 
t orming said construct rnolude J 

cyclic AMP response element 1 59/ b 
.Lent i-223/-2 1 4). and the WIL-. element (-132/ 
124) synthetic promoter elements such as 

syl hetic may he used in place of a promoter 

dement from the cyclooxygenase gene, for example 
element 11 , „ wh ich is described m 

the NF-kB motif from HIV/IgK whic 

r. pf a l Oncogene 9(3), 923-933 U^i 

Chang, C. C et al . O g refere nce. The 

which is ^ COr P° rated h h ^ n us Y ed for NF- kB in 
specific sequence actually ^ used 

Example II hereinafter is that set let 

Example gene but the 

1 of Chang et al . tor 

^ fnrfh for NF- kB in said Table i 
"gen ^equivalent. The term -HZV/lgK- is 
red hl/eln in relation to as indicate the 



Printed from Mimosa 



WO 98 3^235 PCT/L T S98/00023 



equivalence of the NF-kB sequences fcr mu IgK and 
HIV. 

The sequence of the human stromeiysin gene is 
described in Quinones, S., et al. , J. Biol. Chem. 
264 (14), 8339-8344 (1989) which is incorporated 
herein by reference. The transcriptional promoter 
elements thereof are known and include the region 
-1303 to -11 relative to the transcription start 
site. A synthetic transcriptional promoter element 
for the human stromeiysin gene is denoted herein as 
Ets2/AP-l and consists of one copy of an inverted 
repeat of an Ets motif found in the stromeiysin 
promoter which binds the Ets2 homodimer (described 
in Yang, B.-S., et al . , Molecular and Cellular 
Biology, 2/96, pages 538-547 which is incorporated 
here by reference) and two synthetic copies of an 
AP-1 binding motif (having the sequence TGAGTCA) 
which is positioned 3* to the Ets sites. The AP-1 
site sequence from the stromeiysin promoter is 
given in Buttice, G . , et al., Nucleic Acids 
Research, Vol. 19, No. 13, 3723-3731 (1991) which 
is incorporated herein by reference. The synthetic 
transcriptional promoter element based on the NF-*B 
motif described above in conjunction with the COX- 2 
gene is also a synthetic transcriptional promoter 
element for some MMP genes . 

The preferred reporter gene to which a 
promoter element is ligated is luciferase as 
described in Inoue, H., et al . , FEBS Lett., 350, 
51-54 (1994) . Other reporter genes for use for 
this purpose include, for example, £-galactosidase 
gene (0gal) and chloramphenicol acetyltransf erase 
gene (CAT) . Assays for expression produced in 
conjunction with each of these reporter gene 
elements are well-known to those skilled in the 
art. An assay in connection with the luciferase 
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g ene and an assay in connection with the 0gal gene 
are described in Example I hereinafter. 

Constructs are prepared by ligatxng 
transcriptional promoter elements to the reporter 
qenes by methods well-known in the art, e.g., by 
"utilizing restriction enzymes to cut the reporter 
gene in appropriate portion to provide binding 
3 ites for the transcriptional promoter elements, 
incubating the restriction enzyme treated reporter 
gene with the transcriptional promoter elements and 
screening for the recombinants. * 
construct of COX- 2 transcription start site 
(-1432/+59) ligated to luciferase gene is descr 
L inoue, H. , et al., FEES Lett . , 350. 50-54 (1994) 
which is incorporated herein by reference 

Cell lines for transection to provide cells 
transfected with construct for use herein include 
cells involved in carcinogenesis or inf lammation^ 
Examples of cell lines for transfection to provide 
cells transfected with construct for use in the 
Tethod herein include, for ex^l. .S3 sguamous 
carcinoma cells as described in Sacks P 



I 1 Tancer 48. 2S58-286* (1988) which is 

incorporated herein by reference; and human 

neurocyte cell line SW1353 having acces sion - 

ATC C HTB 94 and available from the *~" c " ^ 

17-ini parklawn Drive, 
Culture Collection, 12301 

Rockville, Maryland 20852. , ran9 f ec ted 
Either transient systems or stably transfected 

cell lines can be used. ient system can 

Transfection to provide a transient y 

ir,o nFx-3 as described m Example 
he carried out using pFx J as 

be earn standardization can 

. ^ -sr, P^amiDle I hereinafter. inus, 
described m ™ ple and pCMV . sPORT^gal are 

cyclooxygenase- 2 - lucirera* 
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cc-transfected, the luciferase values obtained in 
the assay can ce normalized using J-galactosidase 
activity . 

A preferred method of transfection to provide 
a transient system involves utilizing 
electroporation, very preferably square wave 
electroporation . The elect roporat ion causes 

temporary openings in the cells whereby the 
construct can enter inside the cell . This method 
can be carried out in any cell culture medium and 
very preferably is carried out in DME/F12 cell 
culture medium. As used herein, the term "DME/F12 " 
means a 1:1 mixture of Dulbecco's Modified Eagle's 
Medium and Ham's Nutrient Mixture F12 . The DME/F12 
medium is available as product #56498 from JRH 
Biosciences of Lenexa , KS . The contents of the 
medium is set forth on page 39 of Catalog #0195 of 
JRH Biosciences, which is incorporated herein by 
reference. Very preferably the cell culture medium 
is supplemented with from 2 to 10% by volume of 
fetal bovine serum; the fetal bovine serum causes 
increase in survivability of cells subjected to 
electroporation in the transfection method, so a 
lower cell density can be used during 
electroporation to obtain the same result compared 
to when the fetal bovine serum is not present. In 
a preferred electroporation method, there are 
employed 500 fj.1 transfection medium, from 6X10 6 to 
20X10 6 cells and 25 /xg of construct. A convenient 
electroporation time is 70 milliseconds. The 
voltage used will vary, e.g., from 110 volts to 200 
volts, depending on the cell line and construct. 
A preferred voltage for a particular cell line and 
construct may be determined by preparing a 
plurality of cuvettes with the same amount of cells 
and DNA and utilizing a different voltage for each 
cuvette, e.g., 100 volts for one cuvette, 120 volts 
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for another cuvette, 13 0 volts for another cuvette, 
etc and subsequently using that voltage for the 
same' cells and construct that is determined to 
orovide the best yield. In a very preferred 
m ethod, a single electroporation is utilized to 
transfect cells which are subsequently diluted with 
additional cell culture medium to a volume such as 
to provide aliquots thereof of the same composition 
for a plurality of wells, e.g., 96 wells, for use 
for determinations, to provide a high throughput 
system and standardization without the need to use 
a standardizing plasmid. 

For transient systems, the results need to be 
compared to what occurs when the method is carried 
out in the absence of putative agent. 

Transfection to provide a stable system, i.e. . 
a stably transfected cell line, is obtained by 

standard methods. , ^ . ^ 

It is preferred to compare results with those 
obtained for agent of known effect, for example 
all- trans retinoic acid which is tested m Example 

1 ^"The activator can be any substance which is 

k nown to stimulate transcription. Such activators 

include. for example, tumor promoters such as 

phorbol esters (e.g., phorbol myristate acetate, 

eT Phorbol 12-myristate 13 -acetate, , serum 

(eg fetal bovine serum), cytokines (e.g., tumor 

9 " ^i-MTleukin-l), growth factors 

necrosis factor or xnterleuKin a 

epidermal growth factor which may be 



<e a epidermal g™* 1 -" 

( 9 ac EGF) , benzolalpyrene 

referred to as ' . 

• j hi le acids le.g.. 

lipopolysaccharide, bUe 

chLdeo*y=hola t e and deoxycHolate. . free rascal 

C11 rh as hydrogen peroxide and 
producing compounds such^ J forskolin . 
cyclic AMP generating agent such ^ 
The particular activators utilized «n P 
the transcriptional promoter element xn 
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construct: . For the broad and medium 

cyclooxygenase -2 promoter regions (-1475/+59, 
-1432/+59, -3757+59, and -327/+S9), phorboi esters 
and epidermal growth factor are useful as 
activators. For cyclic AMP response elements, 
cyclic AMP generating agents are useful as 
activators. For NF-kB elements, free radical 
producing agents, phorboi esters and cytokines are 
useful activators. For the Ets2/AP-l promoter, 
phorboi esters are useful as activators. 

The agent to be screened is one whose 
therapeutic properties are unknown for the use 
being screened for and can be, for example, 
extracts from natural products such as plant or 
marine organisms, compounds purified from natural 
products, and synthetic compounds. Automating the 
method herein allows large numbers of potential 
medicinal agents to be screened by the method 
herein . 

All- trans retinoic acid suppresses phorboi 
ester induction of cyclooxygenase - 2 gene promoter 
activity in 1483 squamous carcinoma cells. This 
result is obtained when transient transf ect ions are 
performed using a human COX-2 promoter construct 
containing 1432 bases of 5" -flanking region DNA 
ligated to lucif erase. This result demonstrates 
the feasibility of using retinoids to down-regulate 
phorboi ester mediated induction of cyclooxygenase - 
2 by suppressing transcription as discussed in 
Mestre, J. R., et al . , "Retinoids Suppress Phorboi 
Ester-Mediated Induction of Cyclooxygenase - 2 " , 
Cancer Res. 57, 1081-1085 (1997) which is 
incorporated herein by reference. 

In the method herein, the transfected cells 
are preferably treated with agent being screened 
prior to being exposed to the activator, i.e., 
pretreatment . Good results are also obtained when 
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the activator and agent being screened are given 

^"^low tc the embodiment of the rnventron 
wh ere a batter, of screenrngs are carried out on a 
putative agent utilizing in each case cells 
transfected with a different construct and/or 
transfected cells activated wxth a 
activator. For example, the constructs can be TRE 

* . and NF-KB-luciferase activated 
lucif erase ana '« . 

1 inoDolysaccnariae . ^_ . 

i„tieancer or antiinflammatory »,a« of activation 
tn ach case would be determined. Inhibition in 
all cases indicates higher lifceiihood of anticancer 
« antiinrla™atory property than inhibition in a 
si-isi-ase. ^ nethod 

screening for candidates tor » 
inflatory and/or carcinogenic disorder the 
-r^Qfected are chondrocytes ana a 
cells that are transfected ^ 

battery of screenings are 

native compound < ^ a instruct 

chondrocytes are r ^e ^ ^ ^ 

contarnxng the ^ 2 ^ combin ation with 

phorbol myrrstate acetate chondr ocytes 

int erleu*in-i ; » .inscription 

are transfected with ^ ^ phorbol 

promoter ele-nts an d th ac ^ ^ ^ 

cristate acetate construct 

chondrocytes are tran ^ _ ^ ^ 

™rc%Ternt tr containing the NF-kB motif fro. 
syntne- acciv ator is interleukxn-1 ; m 

""oner case he chonorocytes are transfected with 
another case. transcription 
construct containing said HP ^ 
propter element and the act ^ ^ 

necrosis factor-alpha, ana 
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chondrocytes are transfected with construct 
containing said NF-kB transcription promoter 
element and the activator is phorbol rcynstate 
acetate. The -ore cases cf inhibition of 

activation, the higher the likelihood of 
antiinflammatory and therefore anticancer property. 

It is preferred to include as a control, a 
determination for putative agent on the same cell 
type as is transfected with construct for testing 
for inhibition of activation but instead 
transfected with construct containing Spl and 
reporter gene where activation is carried out using 
the same activator of transcriptional promoter 
element as is used in testing in the experimental 
runs (i.e., not control runs). Spl has not been 
implicated in carcinogenesis or inflammation, and 
there is not much change in activity when Spl- 
containing construct is treated with activator. 
Thus, any reduction in activity in respect to 
Spl -containing construct on treatment with putative 
agent and inducer will be caused by agents that 
inhibit reporter (e.g., luciferase) activity or by 
toxicity of the putative agent and not by 
inhibiting of transcription factor so that 
ostensible inhibition of construct containing 
transcription promoter element implicated in 
carcinogenesis or inflammation by the same putative 
agent as causes reduction in activity in respect to 
Spl -containing construct, will be shown to be 
caused by reporter inhibiting activity or by 
toxicity of the putative agent and not by 
inhibition of activation by the putative agent. An 
example of this where the reporter gene is 
luciferase follows. In a first case, any reduction 
of luciferase activity of activated construct in 
cells transfected with construct containing 
transcriptional promoter element (s) that have been 
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plicated in carcinogenesis or 

treated with putative agent, is determxned compared 
to lucif erase actxvxty of activated construct m 
cells transfected with construct contaxnxng 
t ranscri P txonal promoter element (s) that have been 
implicated in carcinogenesis or inflammatxon that 
h ave not been treated with the putative agen : In 
a second case, other cells from the same cell line 
th at provides cells for transfectxon for sard 
construct are transfected with Spl lucif erase, and 
he transfected cells are treated with the putatxve 
agent, to determine the extent to which saxd agent 
causes reduction in luciferase actxvxty. The 
result in the second case shows the extent 
reduction in luciferase activity determxned or 
construct containing transcriptional promoter 
element(s) that have been -plxca t ed xn 
carcinogenesis or inflammation xs not due to 
inhibition of activation of transcrxptxonal 
rote: elements by putative agent but rath xs 
L to luciferase activity ™c- 
of the putative agent. Spl lucxtera 
commercially available from Promega under th name 
pGL3 Promoter. The Spl sequences xn thxs instruct 
are derived from a portion of the SV40 early region 
are aenvc construct 

described in Laxmons , L-, et ax., 

Sci U.S.A.. 7.. 645 3-S4S7 (1,82,, which « 

incorporated by the allowing 

The invention is illustrated r>y t 

examples : 

Pvample I 

SsreeninaJor^^ 

A COX- 2 promoter construct was prepared 
-432 bases 5- of the COX-2 transcrxptxon 
contaxnxng 1432 bases s luciferase gene, 

start site (-1432/+59) ligated to lucxfera 
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The plasmid is described in Inoue, K., et al . , FEBS 
Lett., 350, 51-54 (1994). The plasmid is referred 
to hereinafter as " COX- 2 promoter construct." 

1483 squamous carcinoma cells (described in 
Sacks, P. G., et al . , Cancer Research, 48, 2858- 
2866 (1988)) were seeded at a density of 8X10 S 
cells/well in six well dishes and grown to 30-40% 
confluence in DMEM/F- 12 containing 10% fetal bovine 
serum (FBS) . For each well, 1.8 of COX-2 

promoter construct and 0.2 fig pCMV. SPORT^gal (from 
Life Technologies, Inc. of Grand Island, NY) were 
co- transf ected into the 1483 cells using pFx-3 at 
a 1:12 ratio of DNA to lipid according to the 
manufacturer's (Invitrogen, San Diego, CA) 
instructions. After transf ect ion , cells were 
treated with DMEM/F- 12 containing agent being 
tested (in this case, all - trans- ret i no ic acid, also 
referred to herein as ATRA) at a concentration of 
1 tiM or vehicle (0.01% DMSO) . Twenty-four hours 
later, the medium was replaced with DMEM/F- 12 with 
or without phorbol 12-myristate 13-acetate (PMA) at 
50 ng/ml . The activities of lucif erase and f3- 
galactosidase were measured in cellular extract 24 
hours later as follows: Each well was washed twice 
with PBS. Two hundred /xl of IX lysis buffer 
(Analytical Luminescence Laboratories, San Diego, 
CA) was added to each well for 3 0 minutes. Lysate 
was centrifuged for 5 minutes at 4 degrees C. The 
supernatant was used to assay the activities of 
lucif erase and (3 -galactosidase . Lucif erase 

activity was measured using a Monolight 2010 
luminometer (Analytical Luminescence Laboratories) 
according to the manufacturer's instructions. To 
measure the activity of 0 -galactosidase . 40 /xl 
aliquots of the supernatant were incubated with 
assay buffer (60 mM Na 2 HP0 4 , 1 mM MgS0« , 40 mM 
mercaptoethanol , 10 mM KCl , and 4 mg/ml 
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O-nxtrophenyl-^-D-galactopyranos.de) in a total 
volume of 400 ,1 for 30 minutes at 37 degrees C 
The reaction was terminated with the addition of 
500 ,1 of 1M Na 2 CO, and the absorbance at 420 nm 
s determined. To adjust for differences xn 

• -Vi^ lucif erase values 

transfection ef f icxencxes , .he lucxfe 

we re normalized using 0-galactosxdase actxvxty 

The results are depicted in Fig- 7 of Mestre J. 

I et .1.. Cancer Research 57, 1081-1085 (1997), 

• nr^ P d herein by reference, wherexn 

which is incorporated herein y 

the columns represent the mean values and the bars 
represent the standard deviations. As shown in 
said Pig- 7, treatment with PM, induced more than 
a doubling in COX-2 promoter activity and .11- 
trans -retinoic acid suppressed this effect^ 
Comparisons between groups were made by the 
* -« t test A difference between groups of 
Z OS was "Considered significant. The results 
show all- trans-retinoic acid suppressed PMA induced 
activation of COX-2 promoter with a dxfferenc of 
la 01 These results demonstrate the feasibility 
Tf using -retinoids to inhibit phorbol ester^ 
.ediated activation 
results suggest potential activity 

anti cancer and ant i- inflammatory agents. The 
anti -cancer Af£ic acY of the invention 

results indicate the efficacy o 

■ « ATRR as a candidate as an antx- 
herein in screening ATRA as a <- 

cancer and anti- inflammatory drug. 

t f h« case the construct was the same as 

In another case, uu 
, hat used in this Example above except that the 
that used xn mcif erase gene was 

COX-2 promoter Ixgate I to . h 
n/iQo/o.c;q and the activator was epxu 

^^^^^ Y 'r^ - ^st 
2 Pr °T Thi effect was suppressed by all- 
compounds. This ef acid , re tinyl 
trans-retinoxc acxd, 13 cxs 
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acetate, and 9 - cis-ret inoic acid (p <0.001 compared 

with EGF treatment) . The results are depicted in 

Fig. 9 of Mestre, J . R., et al . , Cancer Research 

57, 2890-2895 (1997), which is incorporated herein 

by reference. In said Fig. 9, the columns 

represent the mean values and the bars represent 

the standard deviations. 

Example II 

Screening for Drugs which Suppress 
Induction of COX- 2 OR MMP 

Approximately 800 natural products extracts 
were screened. Each was screened in a battery of 
screenings . 

Constructs used were COX- 2 promoter 
(-1475/+59) ligated to lucif erase, Ets2/AP-l 
(described above) ligated to lucif erase, NF-kB 

ligated to luciferase and Spl ligated to 

lucif erase . 

The COX-2 promoter-containing construct was 
prepared similarly to the COX- 2 promoter-containing 
construct used in Example I except -1475/+59 was 
substituted for -1432/+59. 

For the Ets2/AP-l containing construct, the 
Ets2/APl transcriptional promoter element is that 
described previously and ligation to luciferase was 
carried out as follows: Ets2 and AP-l synthetic 
DNA oligonucleotides were purchased from Integrated 
DNA Technologies, Inc., Coralville, Iowa. Each 
double stranded oligonucleotide contained a 5' 
BamHI site and a 3' Bgl II site relative to the top 
strand. The Ets2 element was inserted into the 
BamHI site and two copies of the AP-l element were 
inserted into the Bgl II site of plAl-LUC in the 
orientation described above. The luciferase 

reporter plasmid 1A1-LUC was constructed by 
inserting a synthetic minimal rat CYP1A1 promoter 
(bases -1 through -44) 5' to the luciferase gene in 
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a modified version of the P GL3 -Basic Vector 
(purchased from Promega) . The sequence of the rat 
CYP1A1 gene is found in Sogawa, K. , et al - , Proc . 
Natl! Acad. Sex. USA 81. 5066-5070 (1984) which xs 
incorporated herein by reference. 

For the NF-kB containing construct, the NF-*B 
transcriptional promoter element is that 
specifically described above from IgK. and the 
lucif erase construct containing such promoter, 
pBIIXLUC, was obtained from Dr. Riccardo Dalla- 
Favera of the Department of Pathology, College of 
Physicians and Surgeons, Columbia University and xs 
referred to in Chang, C. C. . et al., Oncogene 9(3) 
923-933 (1994) which is cited above and xs 
incorporated herein by reference. 

Spl ligated to luciferase (denoted Spl 
hereinafter) for use as a control, was purchased 
from Promega under the tradename P GL3 Promoter. 

The cell line transfected with the constructs 
to provide transfected cells used herein was human 
chondrocyte cell line SW1353 having accessor > - 
AT CC HTB 94 and was purchased from the Amerxcan 
Type Culture Collection. 

Cells from the cell line were transient y 
transfected by square wave 

each of the constructs as follows: Added into 
eacn ox u DME/F12 medium 

tube for transfectxon were 500 /i± iw 

^ bv volume fetal bovine serum, 

supplemented wxth 3* by voxun 

ii^ f<?wi353) and 25 n<3 
12X10* chondrocyte cells (SW135J) 
Ltruct. s^e exectroporation - 

™„ in a 4 mm electrode cuvette using a T820 
^ectJo S,u.te orator apparatus « *™ 

San Diego, Calxfornxa. 
BTX/Genetromcs, Inc., San a 
Seventy milliseconds was used for the 
Seventy se lected as being a 

electroporation time ^ ^ Qn voltage use d 

convenient time. The ,.l.ctx p determined by 

was 150 volts which was the voxu y 
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the procedure for selecting elect roporat ion voltage 
described aoove , to provide the best yields of 
transfected cells for the cell line and constructs 
being used. The 500 /il compositions that were 
subjected to electroporat ion were diluted into 20 
ml of DME/F12 containing 10% fetal bovine serum. 
The 20 ml of diluted mix was plated into a 96-well 
plate, 200 fil per well, to give 0 . 12X10 6 cells per 
well (15-18% transfection efficiency) . The 
contents of all the wells was essentially 
identical. The 96 well cell culture plates used 
were Cultur Plate (white) from Packard which can be 
counted directly in the luminometer as described 
below. 

Twenty-four hours after transfection, except 
in the case of the control and in the case of runs 
with activator but no agent, the transfected cell 
compositions were treated with extract of test 
agent by addition of extract of test agent to wells 
to provide selected concentration of test agent. 
The admixtures for all the runs contained 0.1% 
dimethyl sulfoxide (DMSO) . One half hour later, 
activator (inducer) was added to each well except 
for the control wells. 

The following combinations of construct in 
transfected cells and inducer were utilized: (1) 
COX- 2 promoter ligated to lucif erase as construct 
and phorbol myristate acetate together with 
interleukin-1 as inducer; (2) Ets2/AP-l ligated to 
luciferase as construct and phorbol myristate 
acetate as inducer; (3) NF-kB ligated to luciferase 
as construct and interleukin-1 as inducer; (4) NF- 
kB ligated to luciferase as construct and tumor 
necrosis factor-alpha as inducer; (5) NF- tcB ligated 
to luciferase as construct and phorbol myristate 
acetate as inducer; and (6) Spl - lucif erase as 
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construct: and phorbol myristate acetate together 
with interleukin-1 inducer. 

The phorbol myristate acetate was added to a 
well to provide a concentration therein of 125 nM . 
The interleukin-1 was added to a well to prov.de a 
concentration therein of 3 ng/ml • The tumor 
necrosis factor-alpha was added to a well to 
provide a concentration therein of 50 ng/ml. 

Assay for luciferase activity was carried out 
7 hours after adding inducer as follows. The 
contents of a well were aspirated. Directly ^ after 
aspiration, there was added to a well 40 ,1 of a 
50/50 mix of Packard LucLite Luciferase reagent and 
PBS (phosphate buffered saline) containing 1 *H Ca 
and 1 - Kg"- After this, the top of each plate 
was covered with transparent tape and the covered 
plate was placed in a Packard TopCount lummometer 
and the results for each well in the plate were 
read in light units. 

The results for four plant extracts where 
inhibition activity were determined are set f orth 
in Figs, la-lf. The four extracts for which data 
v, »„. -xtract of Lycopodium corneum 
are shown are hexane extract or r ^ 

Mooted -1-F8- hereinafter and in Figs. la-It), 
(denoted x evt . ract of Selaginella 

hexane/ethyl acetate extract or 
stellate (denoted "2-C11" hereinafter and m Figs . 
!lf), hexane/ethyl acetate extract of ^ 

p— — " 3 - B4 ;r a r t tlz::^ 

la-lf), and aqueous extract or * 
er^rhizon .aenstea "SON" hereinafter ana » 

Zs. «-if>. »- *• — ied ° U o y°e 5 a„d 0 
« ana 3-B< a, """^ basis <i.e . . 
micrograms extract on a dry weign 

mlcr y -inni-sr which are denoted 

without solvents) per millilxterwhi 

i w,, and "40" in Figs. la-It- kuh» 

::r=i /ir — r 

and 50 micrograms per milliliter e 
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weight basis (i.e., without solvents) which are 
denoted respectively by "85" and "50" in Figs, la- 

- & 
j. — . 

Results for combination (1) of construct in 
transfected cells and inducer are depicted in Fig. 
la. Results for combination (2) of construct in 
transfected cells and inducer are depicted in 
Fig. lb. Results for combination (3) of construct 
in transfected cells and inducer are depicted in 
Fig. 1c. Results for combination (4) of construct 
in transfected cells and inducer are depicted in 
Fig. Id. Results for combination (5) of construct 
in transfected cells and inducer are depicted in 
Fig. le. Results for combination (6) of construct 
in transfected cells and inducer are depicted in 
Fig. If. 

For the runs denoted " CONTROL " in Figs, la-lf , 
no agent or inducer was added but transfected 
construct was present . 

For the runs denoted 11 INDUCED" in Figs, la-lf, 
no agent was added but transfected construct was 
present and inducer was added. 

The numbers along the vertical axis in each of 
Figs, la-lf are in light units read on The Packard 
TopCount luminometer wherein greater numbers 
indicate greater luciferase activity and therefore 
greater transcriptional promoter activity. In 
Figs, la-lf, the columns represent the average of 
duplicate values and the bars represent the range. 

The results show inhibition of transcriptional 
activity element by 1-F8 in Figs, ia-le and that a 
significant portion of said inhibition is not due 
to luciferase activity inhibition or toxicity of 1- 
F8 (Fig. If) . The results show inhibition of 
transcriptional promoter activity by 2-C11 in Figs, 
la-le and that a significant portion of this 
inhibition is not due to luciferase activity 
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, nYiritv of 2-cii (Fig- if)- The 
inhibition or toxicity UL 

Tll,s she. i»hi, it i=n o £ transcriptional pro-t 

■» in Figs. la-le and that a 

activity by 3-B4 in rxy = 

ignificant portion of this inhibition is , no due 
t o luciferase activity inhibition or toxxcx ty ^of 3 
B4. The results show inhibition of «ans«xptxonal 
proper activity by SUN in Pigs, la-le and a 
significant portion of this inhibition is not due 
to luciferase inhibition activity or toxicity of 

SUN ' The results show that plant extracts 1-F8. 2- 
cxi 3-B4, and SUN are good candidates for treating 
inf lammation and for preventing or treating cancer^ 
in another case, runs were carried out the 
same as above except that the test age* ^ wa 
shixonin, used in a concentration of 3 ^g/ml, 2 
j i n ua/ml, or 0.25 \i/vdl. Tne 

Mg /«i, i °- 5 where the 

results are shown in Figs. ^ 

transfected constructs and inducers were the same 
transtect ^ ^ fQr pigs> 

for Figs, la and 2a, for ^ Fig ^ 
ic and 2c, for Figs, id and 2d, for ng 
ic ana shikonxn is a 

2e and for Figs. If and 

in SUN extract. me 

t-v,*. scoDe of the invention is 
the art. Therefore, the scope o 

intended to be defined by the claims. 
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WHAT IS CLAIMED IS: 

1. A method for screening agents as 
candidates for prophylaxis or treatment of cancer 
or inflammation, said method comprising (a) 
providing cells that are transfected with a 
construct containing transcriptional promotor 
element (s) that have been implicated in 
carcinogenesis or inflammation ligated to a 
reporter gene, and (b) determining whether putative 
agent inhibits activation of said transcriptional 
promoter element (s) with a determination of 
inhibition indicating that the putative agent is a 
candidate as a drug or as a source of a drug for 
prophylaxis or treatment of cancer or inflammation. 

2. The method of Claim 1 wherein in step 
(b) , the transfected cells are treated with 
putative agent and with activator of 
transcriptional promotor activity, the treatment 
with the putative agent being prior to or 
simultaneously with the treatment with activator. 

3 . The method of Claim 2 wherein in step 
(a) , the ceils are transiently transfected with the 
construct . 

4 . The method of Claim 3 wherein the 
transient transfection is carried out by 
electroporat ion . 

5 . The method of Claim 4 wherein the 
transfection is carried out in a medium containing 
from 2 to 10% by volume fetal bovine serum. 

6. The method of Claim 4 wherein in step 

(a) , the reporter gene is luciferase, and in step 

(b) , (i) any reduction of luciferase activity of 
activated construct in cells transfected with 
construct treated with putative agent is determined 
compared to luciferase activity of activated 
construct in the ceils transfected with construct 
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tha t are no, treated with putative ^ *nd < ^ 

,h*r cells from the same cell line as 
oth er cells tra nsfected with Spl 

transfected in step (a) are trans 

anH the C ells transfected with Spl 
luciferase and the cens 

lucif erase are treated with the putative agent, to 
rhe extent to which said agent causes 
determine the extern, i. ■, -, 

reduction in luciferase activity compared to cells 
transfected with Spl luciferase which are not 
treated with the putative agent, to determine the 
extent to which reduction in luciferase activity 
• a in (i) is due to inhibition of 
determined in ^ by p utative 

luciferase enzyme activity 

a9ent 7 The method of Claim 4 wherein a single 
electroporation is utilized to transfect cells 
which are diluted to a volume such as to provide 
Iliquots thereof of the same composition for . 
Polity of wells for use for determinations, to 
Provide standardization without using normalizing 

^"T' The method of Claim 4 wherein a battery 
• ^ carried out on a putative agent 
of screenings are carrie transfected with a 

utilizing m each case eel celis 
different construct and/or 
activated with a different activator. 
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AMENDED CLAIMS 

[received by the International Bureau cn 04 June 1998 (04.06.98); 
new claims 9 and 10 added; remaining claims unchanged Mpage)] 

that are not treated with putative agent, and (ii) 
other cells from the same cell line as is 
transfected in step (a) are transfected with Spl 
luciferase and the cells transfected with Spl 
lucif erase are treated with the putative agent, to 
determine the extent to which said agent causes 
reduction in luciferase activity compared to cells 
transfected with Spl luciferase which are not 
treated with the putative agent, to determine the 
extent to which reduction in luciferase activity 
determined in (i) is due to inhibition of 
luciferase enzyme activity or toxicity by putative 
agent . 

7. The method of Claim 4 wherein a single 
electroporation is utilized to transfect cells 
which are diluted to a volume such as to provide 
aliquots thereof of the same composition for a 
plurality of wells for use for determinations, to 
provide standardization without using normalizing 
plasmids. 

8. The method of Claim 4 wherein a battery 
of screenings are carried out on a putative agent 
utilizing in each case cells transfected with a 
different construct and/ or transfected cells 
activated with a different activator. 

9. The method of Claim 1, wherein the said 
transcriptional promoter element (s) is (are) from 
the human cyclooxygenase-2 gene. 

10. The method of Claim 1, wherein said 
transcriptional promoter element (s) is (are) from 
the human stromelysin gene. 
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Th e agents add claims which particularize the 
transcriptional propter ele™ent«s) of Claim 1 as heino 
fr om the human cyclooxygenase-2 gene (Claim 9) or from 
th. human stromelysin gene (Claim 10). 
particularizat.on has not heretofore been made in the 
clai ms. The amendments have no impact on the description 
and the drawings. 
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